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In the northeastern Pacific, sightings of small num-
bers of killer whales (Orcinus orca) of unknown 
ecotype have been sporadically reported during 
open ocean marine mammal surveys, pelagic bird-
ing expeditions, and high seas fishing operations 
(Pitman et al., 2001; Pitman & Dutton, 2004; Forney 
& Wade, 2006; Dahlheim et al., 2008; McInnes 
et al., 2021; Olson et al., 2023). However, it is 
unknown whether these oceanic killer whales belong 
to a mammal-eating ecotype of killer whale, an off-
shore fish-eating ecotype, or an offshore generalist 
type. We attempted to determine the ecotype of 49 
unknown individuals observed during nine encoun-
ters from 1997 to 2021 in the deep oceanic waters 
far from the coastlines of California and Oregon (> 
65 km) based on their foraging behaviors, prey spe-
cies consumed, morphologies, and the prevalence 
of cookiecutter shark (Isistius sp.) bite scars. We 
hypothesize that these killer whales may represent 
a distinct oceanic subpopulation of transient killer 
whales or an undescribed oceanic population that 
feeds on marine mammals and sea turtles in the open 
ocean beyond the continental shelf break.

The sightings we analyzed came from four 
sources: (1) National Oceanic and Atmospheric 
Administration (NOAA) Southwest Fisheries 
Science Center (SWFSC) and Marine Mammal 
Laboratory (MML), Alaska Fisheries Science Center 
(AFSC) marine mammal stock assessment surveys, 
(2) a pelagic birding expedition, (3) a whale-watch-
ing ecotour, and (4) a marine mammal survey by the 
Marine Mammal Institute, Oregon State University 
(Pitman et al., 2001; Barlow & Forney, 2007; Moore 

& Barlow, 2014; Stierhoff et al., 2020; Carretta 
et al., 2021; McInnes et al., 2021; Olson et al., 
2023). Surveys for birds and cetaceans primarily 
occurred during NOAA SWFSC stock assessments 
and covered thousands of kilometers but yielded few 
encounters with killer whales. All of the sightings 
occurred in oceanic waters (15 to 370 km offshore) 
between Astoria, Oregon (46° 16' N, -124° 7' W), 
and Point Conception, California (34° 26' N, -120° 
26' W), and in waters ranging from 756 to 4,613 m 
deep (Figure 1; Table 1). 

We plotted georeferenced locations of killer 
whales encountered using ArcGIS Pro and 
obtained water depth and bathymetric data for 
each killer whale encounter using the statistical 
package ‘marmap’ in the R software, Version 4.1.2 
(Pante & Simon-Bouhet, 2013; R Core Team, 
2021). The ‘marmap’ package allowed data to be 
directly downloaded from within R by querying 
the ETOPO1 database hosted by NOAA, while the 
‘get.depth’ function provided water depth for each 
observation. Photo-identification of killer whales 
was analyzed from photographs opportunistically 
taken from NOAA vessels or from small boats 
launched from the larger vessel to pursue groups 
of animals. We relied on the unique markings and 
the shapes of the dorsal fin, saddle patch, and post-
ocular patches to identify individual killer whales 
(Dahlheim, 1997; Olson & Gerrodette, 2008), 
and compared them to published and unpublished 
databases (Black et al., 1997; Dahlheim, 1997; 
Ford & Ellis, 1999; Olson & Gerrodette, 2008; 
Towers et al., 2019; McInnes et al., 2021, 2023).
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Figure 1. Locations of nine encounters with groups of unidentified killer whales (Orcinus orca) in oceanic waters seaward 
of the continental shelf break off California and Oregon. The continental shelf break (200 to 500 m isobath) is represented by 
the red hashed lines, and bathymetry is represented by shades of blue.
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Table 1. Summary of nine encounters with killer whales (Orcinus orca) in oceanic waters off California and Oregon from 
1997 to 2021. All sightings occurred seaward of the continental shelf break. Group composition indicates sex of individual 
killer whales, and group size indicates numbers of individuals present and photo-identified. Note that no animals were photo-
identified during Encounters 2 and 3, and only seven of the killer whales were photo-identified during Encounter 1. 

Location

No.
Date

(d/m/y) Lat. Long.

From  
land  
(km)

Depth  
(m)

Group 
size

Group 
comp.

Killer whale 
identities 

Prey  
species Source

1 21/10/1997 35.09 -122.23 130 4,400 ~35 2♂; 11♀;  
2J; 2C

OCX001 
OCX002 
OCX003 
OCX004 
OCX005 
OCX006 
OCX007

Physeter  
macrocephalus

Pitman 
et al., 
2001

2 26/10/1997 35.39 -122.45 83 3,800 5 1♂; 1♀;  
3J

No IDs Physeter  
macrocephalus

Pitman 
et al., 
2001

3 3/11/2001 40.88 -128.56 350 3,178 7 1♂; 1♀ No IDs Dermochelys 
coriacea

Pitman & 
Dutton, 2004

4 2/11/2014 36.16 -126.00 370 4,613 4 2♂; 2♀ OCX010 
OCX011 
OCX012 
OCX013

Kogia  
breviceps

Olson  
et al., 2023

5 23/1/2020 35.92 -125.24 300 4,449 8 2♂; 4♀;  
2J

OCX036 
OCX043 
OCX044 
OCX045 
OCX046 
OCX047

This study

6 25/8/2021 36.73 -121.98 15 756 6 1♂; 3♀;  
2J

OCX038 
OCX039 
OCX040 
OCX041 

OCX041A 
OCX042

Grampus  
griseus

This study

7 12/7/2015 44.61 -127.94 300 2,605 9 2♂; 4♀;  
3J

OCX014 
OCX015 
OCX016 
OCX017 
OCX018 
OCX019 
OCX020 
OCX021 
OCX022

Mirounga 
angustirostris

This study

8 1/8/2018 42.60 -125.06 80 1,536 8 2♂; 4♀;  
2J

OCX023 
OCX024 
OCX025 
OCX026 
OCX027 
OCX028 
OCX029 
OCX030

This study

9 9/9/2021 43.05 -126.69 175 3,260 4 1♂; 3♀ OCX036 
OCX043

This study
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Of the nine encounters with the 49 previously 
undocumented killer whales, seven included pho-
tographs, and two only provided descriptions. 
Two of the 49 unknown killer whales seen in 
California were resighted a year later in Oregon 
(Encounters 5 & 9; Figure 1). Details and assess-
ment of each encounter are as follows:

• Encounter 1 — Occurred on 21 October 1997, 
~130 km WSW of Morro Bay, California, in 
a water depth of 4,400 m (Figure 1; Table 1). 
Scientists aboard the NOAA research vessel 
David Starr Jordan encountered a group of 
killer whales attacking a pod of nine adult 
female sperm whales (Physeter macrocepha-
lus; Pitman et al., 2001). 

The sperm whales were in a rosette for-
mation—a circular antipredator behavior 
wherein the sperm whales position their 
heads towards the center and their flukes 
out towards the killer whales (Gemmell 
et al., 2015). Approximately 12 killer whales 
were initially involved in the hunt, but this 
number increased to an estimated 35 killer 
whales spread out over 3 km. Small concen-
trated groups of four to five killer whales 
randomly targeted and attacked individual 
sperm whales in the rosette. Hunting behav-
ior included killer whales rushing in and 
lunging at the sperm whales or striking them 

from below. The killer whales would sub-
sequently circle the rosette and retreat for 
several minutes, and then repeat the same 
hunting tactics. Fresh blood and an oil slick 
of animal fat could be seen at the surface fol-
lowing each attack. Multiple sperm whales 
had extensive injuries, with one individual 
having a 2 × 1.5 m flap of blubber that 
exposed the underlying flesh. One of the 
sperm whales was killed and dragged away 
from the rosette with several killer whales 
seen feeding on the carcass. The remaining 
sperm whales were believed to all have been 
seriously or mortally injured. 

Photographs of several killer whales 
showed the distinct oval pit wounds made by 
cookiecutter sharks (Figure 2), and analysis 
of images of dorsal fins and saddle patches 
did not match to known North Pacific killer 
whales identified off California or waters fur-
ther north.

 Encounter 2 — Occurred on 26 October 
1997, ~83 km west of Point Lopez off central 
California in a water depth of ~3,800 m (Pitman 
et al., 2001). Scientists aboard the NOAA 
research vessel David Starr Jordan encoun-
tered five killer whales, including an adult male 
and adult female in proximity of two groups of 

•

sperm whales that were separated by 1 km.

Figure 2. Photo-identification pictures of OCX001 (left) and OCX002 (right), who were involved in the predation of a herd of 
female sperm whales (Physeter macrocephalus) 130 km west off Morro Bay, California, on 21 October 1997 (Encounter 1). 
Cookiecutter shark (Isistius sp.) bite marks are present on the gray saddle patch of both killer whales. (Photos provided by 
Robert L. Pitman, NOAA SWFSC)
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The sperm whale group closest to the 
killer whales showed signs of agitation to the 
approaching killer whales. At this point, the 
furthest sperm whale group travelled quickly 
towards the agitated group. The adult female 
killer whale separated from her group and was 
sighted diving within meters of the congre-
gated herd of sperm whales. At one point, an 
oil slick of animal fat was observed near where 
the female killer whale dove, suggesting that 
one or more sperm whales had been bitten. 
Throughout the encounter, additional sperm 
whales arrived from several kilometers away 
and joined the original two groups. The female 
killer whale at this point left the sperm whales 
and rejoined her travelling group, with no kill 
being observed in this event. Unfortunately, 
photographs from this encounter were not 
available to confirm photo-identification of 
individual killer whales.

• Encounter 3 — Occurred on 3 November 
2001, ~350 km west of Cape Mendocino, 
California, in 3,178 m deep water (Pitman & 
Dutton, 2004). An estimated group of seven 
killer whales were seen milling and diving 
in a large oil slick of animal fat, suggesting 
they had just completed a successful hunt. 
Several albatrosses (family Diomedeidae) 
were observed scavenging from a large turtle 
carapace on the surface, which was retrieved 
and confirmed to be from a leatherback turtle 
(Dermochelys coriacea). No photographs 
were available to identify and confirm the 
killer whale ecotype during this encounter  
due to difficult weather conditions and sea 
states (R. L. Pitman, pers. comm., 2021).

• Encounter 4 — Involved four killer whales, 
two adult males and two adult females or sub-
adult males, preying on a pygmy sperm whale 
(Kogia breviceps) on 2 November 2014, 
370 km west of Monterey Bay, California, in 
a water depth of 4,613 m (Figure 3A; Olson 
et al., 2023). The group was sighted during 
a shipboard marine mammal survey con-
ducted by NOAA SWFSC (Barlow, 2016). 
Observations continued for 51 min until the 
killer whales moved off from the predation 
site and the ship resumed its line-transect 
survey.

The attack was well underway when 
first sighted as shown by an oily slick on 
the water and a circling flock of seabirds. 
Approximately 100 black-footed albatrosses 
(Phoebastria nigripes) and several northern 
fulmars (Fulmarus glacialis) were identified 
feeding on tissue at the surface (Figure 3B). 

As the ship approached, much splashing and 
blood were seen, followed by a partial breach 
of a medium-sized cetacean (species uniden-
tified) along with a tall geyser of blood.

The prey species was identified geneti-
cally from recovered tissue as a pygmy sperm 
whale. Images of the killer whales could not 
be matched to known photo-identified North 
Pacific ecotypes and were subsequently given 
the new identification designations OCX010, 
OCX011, OCX012, and OCX013 (McInnes 
et al., 2021). Acoustic data recovered from 
two sonobuoys deployed after the kill con-
tained killer whale echolocation clicks and 
two pulsed calls (with no other types of vocal 
activity). The pulsed calls were most similar 
to the offshore killer whale ecotype (Foote & 
Nystuen, 2008; Rice et al., 2017) but were 
insufficient to confirm the ecotype.

The four killer whales had notable external 
morphologies that differed in saddle patch 
shape: three had narrow saddle patches (typi-
cal of tropical killer whales; Figure 3C; Baird 
et al., 2006; Olson & Gerrodette, 2008) and 
the fourth had a wide saddle (typical of tran-
sient killer whales; McInnes et al., 2021). The 
dorsal fins of the males resembled the tran-
sient ecotype with pointed tips. All four killer 
whales had cookiecutter shark bite scars, and 
two of them displayed fresh bite wounds.

• Encounter 5 — Occurred on 23 January 2020, 
~300 km west of Monterey Bay, California, in 
a water depth of ~4,449 m when eight killer 
whales were sighted during an offshore pelagic 
bird survey. The group consisted of one adult 
male, four adult females or subadult males, 
and three juveniles (Figure 4). The dorsal fin 
shapes of multiple killer whales were pointed 
or moderately round, and saddle patches 
were large and uniformly gray—most closely 
resembling those of the transient ecotype. 
None of the eight killer whales were known 
individuals. However, one of the encountered 
adult males (later cataloged as OCX036) and 
an adult female or subadult male (OCX043) 
were resighted a year later 175 km west of 
Bandon, Oregon (see Encounter 9).

• Encounter 6 — Occurred during an ecotour-
ism expedition in Monterey Bay, California, 
on 25 August 2021 when six killer whales 
were encountered over the deep Monterey 
Submarine Canyon in a water depth of 
~756 m. Group composition included one 
adult male, three adult females or subadult 
males, and two juveniles. The six killer 
whales were spread out and travelling west 
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Figure 3. (A) Adult male oceanic killer whale OCX011 surfacing in the open ocean swells among several black-footed 
albatross (Phoebastria nigripes) approximately 370 km due west of Monterey Bay, California, on 2 November 2014 
(Encounter 4); (B) close to 100 black-footed albatrosses and several northern fulmars (Fulmarus glacialis) were documented 
in the vicinity of the predation event; and (C) adult male oceanic killer whale OCX012 diving to feed on a successful 
predation event involving a pygmy sperm whale (Kogia breviceps). (Photos provided by Paula Olson, NOAA SWFSC; see 
Olson et al., 2023)

in the middle of the bay and at a steady 4 
to 5 km/h. A herd of 40 Risso’s dolphins 
(Grampus griseus) were reported 2 km 
ahead in the direction the killer whales were 
travelling. The killer whales began to accel-
erate with shorter synchronous dives. As the 
distance between the killer whales and the 
Risso’s dolphins decreased, the dolphins 
began to high-speed porpoise with individu-
als spread out in front formation, produc-
ing a large wall of white water ahead of the 
killer whales (stampede behaviour; Read 
et al., 2022). Two killer whales flanked the 
herd of Risso’s dolphins on either side, with 
one killer whale leaping high into the air 
behind the herd.

Eventually, a Risso’s dolphin was sepa-
rated from the group and pursued by two 
adult female or subadult male killer whales. 
The dolphin leaped into the air on two occa-
sions and was closely followed by one of the 
killer whales. As the Risso’s dolphin began to 
fall behind, one of the killer whales surfaced 
beneath the dolphin and launched it into the 
air (Figure 5). The killer whale performed 
this behavior three times before securing the 
dolphin and pulling it beneath the surface. 
The Risso’s dolphin was last seen being car-
ried in the mouth of one of the killer whales, 
which was accompanied by the five other 
killer whales. All six killer whales had bite 
scars from cookiecutter sharks along with 
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Figure 4. A group of eight unidentified oceanic killer whales sighted approximately 300 km west of Monterey Bay, California, 
on 23 January 2020 (Encounter 5) (Photo credit: John Garrett)

Figure 5. Action sequence showing an adult female or subadult male oceanic killer whale OCX040 attacking a Risso’s 
dolphin (Grampus griseus) in Monterey Bay, California, on 25 August 2021 (Encounter 6) (Photos provided by Slater 
Thomas Moore, Slater Moore Photography)
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pointed dorsal fins and solid gray saddle 
patches that resembled the transient ecotype. 
While it is possible that these killer whales 
might be part of the outer coast transient 
population that uses California waters, none 
of these whales could be matched to known 
North Pacific killer whales and were never 
observed in association with transient eco-
type killer whales in our 13-y study period.

• Encounter 7 — Occurred on 7 December 
2015 while nine killer whales travelled in a 
tight formation ~300 km west of Newport, 
Oregon, in ~2,605 m water depth. NOAA 
SWFSC scientists reported that the group 
included two adult males, four adult females 
or subadult males, and three juveniles. At 
least five black-footed albatrosses were also 
seen following the group as they travelled in 

a westward direction. At one point, the larg-
est adult female or subadult male changed 
directions and began moving east ahead of 
the other killer whales. After several minutes, 
this individual changed direction again and 
made an aggressive shallow surface lunge, 
grabbing an unidentified prey species. The 
rest of the killer whales then rejoined this 
whale and began swimming in a double front 
formation, with an adult male in the rear.

When the killer whale surfaced, it was 
carrying the carcass of a female or subadult 
male northern elephant seal (Mirounga 
angustirostris; Figure 6A). A cloud of blood 
was seen at the surface of the water when the 
killer whale dove (Figure 6B). Two juveniles 
began socializing by spy hopping (raising 
their heads out of the water) and tail slapping 
at the surface. The female or subadult male 

Figure 6. (A) An adult female or subadult male killer whale OCX022 holding a northern elephant seal (Mirounga 
angustirostris) in their mouth (Encounter 7); (B) subsequent photograph showing blood at the surface during a successful 
predation; and (C) photo of adult female or subadult male killer whale OCX015 feeding on a northern elephant seal while 
three black-footed albatrosses scavenge on intestines floating just beneath the surface. Encounter took place approximately 
300 km due west of Newport, Oregon, on 12 July 2015. (Photos provided by NOAA SWFSC)
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killer whale then released the carcass, and 
another killer whale grabbed it. At this point, 
three black-footed albatrosses landed near 
the floating carcass and began feeding on the 
intestines floating at the surface (Figure 6C).

Photographs of three of the killer whales 
showed evidence of cookiecutter shark bites, 
and all members had large uniform gray 
saddle patches typical of the transient eco-
type. Two of the killer whales had rounded 
dorsal fins that resembled the offshore killer 
whale ecotype. None of the nine killer whales 
could be photo-identified.

• Encounter 8 — Involved eight killer whales 
encountered on 1 August 2018, ~80 km 
west of Ophir, Oregon, in a water depth of 
~2,605 m during a NOAA SWFSC marine 
mammal stock assessment survey. Group 
composition included two adult males, four 
adult females or subadult males, and two 
juveniles (Figure 7A). Two killer whales 
had cookiecutter shark bite marks, with one 
female or subadult male having a fresh wound 
(Figure 7B & C). Several killer whales had 
pointed transient-like dorsal fins, while others 
had moderately rounded dorsal fins. Saddle 
patches were large and uniformly gray. The 
killer whales were noted to be travelling, and 
no predation was observed. None of the eight 
killer whales could be matched with previ-
ously photo-identified individuals.

• Encounter 9 — Involved four killer whales 
encountered on 9 September 2021 175 km west 
of Bandon, Oregon, in ~3,260 m water depth 
by scientists with Oregon State University’s 
Marine Mammal Institute. The group compo-
sition included one adult male and three adult 
females or subadult males. Two killer whales 
in the group were identified as OCX036 and 
OCX043 (Figure 8) that were previously seen 
300 km offshore of Monterey Bay, California, 
in 2020 (during Encounter 5). Rough seas and 
weather conditions made it difficult to collect 
behavioral data.

An Oceanic Population of Killer Whales?
Knowledge about killer whales inhabiting open 
ocean environments is limited to relatively few 
encounters. The nine encounters reviewed and 
presented herein provide information on the 
feeding behavior, prey species, and the potential 
habitat use of killer whales in oceanic waters off 
California and Oregon. Encountering killer whales 
in oceanic environments is relatively rare (Forney 
& Wade, 2006) due to the expansiveness of this 
environment, the low densities and high mobility 

of killer whales in the open ocean, and limited 
effort to survey killer whales. Each encounter is 
therefore an important opportunity to gather new 
insights into the ecology, behaviour, and diet of 
these predators in oceanic waters.

Along the coasts of California and Oregon, 
three distinct killer whale ecotypes termed resi-
dents (fish-eating), transients (mammal-eating), 
and offshores (preference for shark and other large 
fish species) are known to occur (Baird & Stacey, 
1988; Baird & Dill, 1995; Baird, 2000; Barrett-
Lennard & Ellis, 2001; Dahlheim et al., 2008; 
Ford et al., 2011; Rice et al., 2017; McInnes et al., 
2023). They are distinct from each other in terms 
of genetics, acoustics, morphology, behavior, dis-
tribution, and prey preferences. While resident 
killer whales have been sporadically documented 
in offshore continental shelf waters near commer-
cial fishing banks (Rice et al., 2017; Riera et al., 
2019), only the offshore and transient ecotypes are 
believed to inhabit oceanic waters seaward of the 
continental shelf of the region (Dahlheim et al., 
2008; Ford et al., 2013; McInnes et al., 2021).

Observations of killer whales occurring off 
California and Oregon have typically involved the 
transient and offshore ecotypes (McInnes et al., 
2023). Transient killer whales usually sighted in 
this region belong to the West Coast population 
that is distributed from southeast Alaska to south-
ern California (Ford & Ellis, 1999; Muto et al., 
2020; McInnes et al., 2021). The West Coast pop-
ulation is thought to comprise two subpopulations 
that occasionally associate with each other but 
have heterogenous distributions and habitat use 
patterns—the inner coast and outer coast transient 
subpopulations (Ford et al., 2013; Muto et al., 
2020; McInnes et al., 2021). The inner coast tran-
sient subpopulation is predominantly encountered 
in shallow continental shelf waters, < 10 km from 
shore, where they specialize in hunting pinnipeds 
and small cetaceans (Baird & Dill, 1995; Ford & 
Ellis, 1999; Dahlheim & White, 2010; Houghton 
et al., 2015; McInnes et al., 2020); while the outer 
coast subpopulation has been predominantly doc-
umented feeding on pinnipeds, oceanic dolphins, 
and large cetaceans in deep pelagic waters near 
the continental shelf break and submarine can-
yons (McInnes et al., 2023).

In contrast to the transient ecotype, the offshore 
ecotype killer whale comprises a single genetically 
distinct population distributed from the Bering 
Sea, Alaska, to southern California (Dahlheim 
et al., 2008). They have been typically sighted 
in continental shelf waters (near shallow banks, 
the continental shelf break, and coastal submarine 
canyons) off California in the winter months, and 
off British Columbia and Alaska in the summer 
(Dahlheim et al., 2008; Ford et al., 2014; Schorr 
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Figure 7. (A) A group of unidentified killer whales were encountered ~80 km due west of Ophir, Oregon (Encounter 8); 
(B) image shows an adult female or subadult male killer whale OCX026 with a fresh cookiecutter shark wound; and (C) three 
unidentified killer whales travelling together in offshore Oregon waters. (Photos provided by Jim Carretta, NOAA SWFSC)

Figure 8. Killer whale OCX043 encountered with three other killer whales 175 km west of Bandon, Oregon, on 9 September 
2021 (Encounter 9). This killer whale was sighted previously 300 km offshore of Monterey Bay, California, on 23 January 
2020. (Photo credit: Robert L. Pitman, Oregon State University)
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et al., 2022). They typically travel and forage in 
large groups of > 50 individuals, and they are 
thought to feed primarily on higher trophic-level 
elasmobranch species, including Pacific sleeper 
shark (Somniosus pacificus), bluntnose six gill 
shark (Hexanchus griseus), blue shark (Prionace 
glauca), and spiny dogfish (Squalus acanthias).

The killer whales we encountered could not be 
photo-identified or matched in association with 
any known transient or offshore killer whales. 
They also occurred much further from shore than 
has been reported for transient killer whales in 
our study region but within the range of what has 
been reported for offshore killer whales (Dahlheim 
et al., 2008). The majority (46 of 49 killer whales) 
also had oval/crescentic bite scars from cookiecut-
ter sharks, which are a mesopelagic parasitic shark 
that inhabits deep offshore tropical and subtropical 
regions in water temperatures ranging from 18° 
to 26°C (Jones, 1971; Nakano & Tabuchi, 1990; 
Pepperell & Harvey, 2010; Best & Photopoulou, 
2016). These wounds varied in shape and color 
with older scars being black or white in coloration 
and newer fresh bites being pink and showing 
fresh epidermal and adipose tissue.

The presence of cookiecutter shark wounds pro-
vides indirect evidence that these unknown killer 
whales had spent time in warmer oceanic waters. 
Further north, in the Aleutian Islands, Alaska, and 
Bering Sea, transient killer whales have also been 
observed making large-scale open ocean move-
ments. Three killer whales equipped with satellite 
tags (two tagged in the Aleutian Islands and one 
tagged in the Pribilof Islands) moved rapidly from 
cold-temperate coastal waters to the subtropical 
waters of the central Pacific (Matkin & Durban, 
2011). Similar to the unidentified killer whales in 
our study, transient killer whales in the Aleutian 
Islands and Bering Sea also had cookiecutter shark 
bite scars, providing additional evidence of large-
scale open ocean movements (Matkin & Durban, 
2011).

In terms of morphology and pigmentation pat-
terns (which are known to differ between eco-
types; Baird & Stacey, 1988; Emmons et al., 
2019), the sizes and shapes of the dorsal fins and 
saddle patches of the 49 unidentified killer whales 
bore some similarities to both transient and off-
shore ecotypes. However, their physical appear-
ance also differed within and between groups of 
killer whales. The shape of the dorsal fins varied, 
with some individuals having the characteristic 
pointed dorsal fin of transients and others present-
ing well-rounded offshore ecotype dorsal fins. In 
addition, the shape and pattern of the gray saddle 
patch also varied, with some killer whales having 
large uniformly gray saddle patches and others 
having smooth, narrow saddle patches similar 

to those seen in killer whales in tropical regions 
(Olson & Gerrodette, 2008). None of the unknown 
killer whales had open saddle patches, and most 
(40 of the 49 killer whales) had postocular patches 
that were medium-sized, generally oval, and ran 
horizontal to the body axis.

In terms of diet and foraging behaviors, none 
of the unidentified killer whales were observed 
preying on fish or sharks. Except for the turtle 
(Encounter 3), the killer whales hunted marine 
mammal species associated with deep oceanic 
waters. The attacks on adult female sperm whales 
(Encounters 1 & 2) are particularly notable given 
that attacks on sperm whales have never been 
reported for transient killer whales off California 
and Oregon. Female sperm whales are signifi-
cantly smaller than males, tend to occur fur-
ther offshore in deeper, warmer waters (15°C, 
> 1,000 m), and often travel in herds with vulner-
able calves (Pitman et al., 2001; Moore & Barlow, 
2014, 2017; Carretta et al., 2021). These factors 
could provide killer whales inhabiting oceanic 
waters off California and Oregon with a sig-
nificant food resource during times when female 
sperm whales are present and when other prey 
species are scarce or patchy in distribution.

Smaller species of cetaceans also appeared to 
be an important food source for the killer whales 
we observed (Encounter 6). Risso’s dolphins, 
Pacific white-sided dolphins (Lagenorhynchus 
obliquidens), northern right whale dolphins 
(Lissodelphis borealis), and common dolphins 
(Delphinus delphis) form large schools that are 
distributed far offshore of California and Oregon. 
Oceanic dolphins frequently use echolocation to 
locate and communicate with each other while 
searching for widely distributed prey in the open 
ocean (Vaughn-Hirshorn, 2019). Killer whales may 
rely on passive listening to detect the acoustic sig-
nals produced by dolphins, enabling them to follow 
the movements of dolphin schools over large spatial 
scales.

Northern elephant seals are another open ocean 
species (Block et al., 2011; Beltran et al., 2022) 
that may be a valuable food source for oceanic 
killer whales (Encounter 5). They are relatively 
defenseless, large, and have energy-rich blubber 
that would provide a substantial amount of food 
for killer whales.

All of the attacks and kills by the 49 unknown 
killer whales were on marine mammals, except the 
one on a leatherback turtle—a species that navi-
gates the open Pacific between foraging grounds 
off the California coast and breeding grounds in 
the western Pacific (Benson et al., 2011; Block 
et al., 2011). It is noteworthy that predation on 
fish was not observed during any of the encoun-
ters with the unidentified killer whales. However, 
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it is difficult to observe such events given that they 
primarily occur beneath the surface where evi-
dence of scales and other tissues are often found 
following successful hunts as shown by studies of 
resident and offshore killer whales (Ford & Ellis, 
2006; Ford et al., 2011). Therefore, the possibility 
that the killer whales in our study consume fish or 
sharks cannot be ruled out.

In conclusion, we could not match or associ-
ate any of the 49 individual killer whales with 
any known photo-identified killer whales in the 
northeastern Pacific. This suggests that these 
killer whales may belong to one or more popula-
tions that exhibit a primarily oceanic distribution. 
Morphologically, the individuals we encountered 
shared physical similarities with both transient 
and offshore ecotypes but were not a perfect fit 
with either. Diet wise, all observed predation 
events involved open ocean species of marine 
mammals and a sea turtle, which differs sharply 
from the sharks and smaller teleost species con-
sumed by offshore killer whales.

Based on the foregoing, we suspect that the 
unknown killer whales we encountered may rep-
resent an oceanic subpopulation of transient killer 
whales—or a previously undescribed generalist 
ecotype that feeds on marine mammals and sea 
turtles—that primarily frequents waters seaward 
of the continental shelf break. It may be that killer 
whales inhabiting low productive areas such as 
the open ocean and tropical marine ecosystems 
are less specialized than the North Pacific neritic 
populations that specialize on fish or marine 
mammals. However, further systematic offshore 
surveys in oceanic habitats using satellite tagging, 
genetics, acoustics, and photo-identification meth-
odology are needed to confirm our suppositions.

Acknowledgments

We greatly appreciate the support and techni-
cal assistance provided by the National Oceanic 
and Atmospheric Administration’s Southwest 
Fisheries Science Center and Alaska Fisheries 
Science Center. In addition, we thank the offi-
cers and crew members of the ships conducting 
NOAA marine mammal surveys, the field teams, 
and especially the survey photographers. We are 
incredibly grateful to Mitacs, the Pacific WildLife 
Foundation, and the Greater Atlanta Foundation 
for their financial support (JDM). We also thank 
Dr. Lawrence Dill at Simon Fraser University 
for the numerous productive discussions regard-
ing killer whale behavior, and Bob Pitman at 
the Marine Mammal Institute, Oregon State 
University, for reviewing and providing comments 
that strengthened this short note and for sharing 
valuable information about killer whale ecology 

in open ocean ecosystems. The authors would 
like to thank the two reviewers for their valuable 
feedback. Finally, we thank Dr. Jim Carretta, Bob 
Pitman, John Garrett, and Slater Thomas Moore 
for sharing photographs used in this short note.

Literature Cited

Baird, R. W. (2000). The killer whale foraging special-
ization and group hunting. In J. Mann, R. C. Connor, 
P. L. Tyack, & H. Whitehead (Eds.), Cetacean societ-
ies: Field studies of dolphins and whales (pp. 127-153). 
University of Chicago Press. 

Baird, R. W., & Dill, L. M. (1995). Occurrence and behav-
iour of transient killer whales: Seasonal and pod-spe-
cific variability, foraging behaviour, and prey handling. 
Canadian Journal of Zoology, 73(7), 1300-1311. https://
doi.org/10.1139/z95-154

Baird, R. W., & Stacey, P. J. (1988). Variation in saddle patch 
pigmentation in populations of killer whales (Orcinus 
orca) from British Columbia, Alaska, and Washington 
State. Canadian Journal of Zoology, 66(11), 2582-2585. 
https://doi.org/10.1139/z88-380

Baird, R. W., McSweeney, D. J., Bane, C., Barlow, J., 
Salden, D. R., Antoine, L. K., LeDuc, R. G., & Webster, 
D. L. (2006). Killer whales in Hawaiian waters: 
Information on population identity and feeding habits. 
Pacific Science, 60(4), 523-530. https://doi.org/10.1353/
psc.2006.0024

Barlow, J. (2016). Cetacean abundance in the California 
Current estimated from ship-based line-transect sur-
veys in 1991–2014 (Administrative Report LJ-12-01). 
Southwest Fisheries Science Center, National Marine 
Fisheries Service.

Barlow, J., & Forney, K. A. (2007). Abundance and popula-
tion density of cetaceans in the California Current eco-
system. Fishery Bulletin, 105(4), 509-526.

Barrett-Lennard, L. G., & Ellis, G. M. (2001). Population 
structure and genetic variability in northeastern Pacific 
killer whales: Towards an assessment of population via-
bility (Canadian Science Advisory Secretariat Research 
Document 2001/065). Fisheries and Oceans Canada.

Beltran, R. S., Yuen, A. L., Condit, R., Robinson, P. W., 
Czapanskiy, M. F., Crocker, D. E., & Costa, D. P. (2022). 
Elephant seals time their long-distance migrations using 
a map sense. Current Biology, 32(4), R156-R157. https://
doi.org/10.1016/j.cub.2022.01.031

Benson, S. R., Eguchi, T., Foley, D. G., Forney, K. A., 
Bailey, H., Hitipeuw, C., Samber, B. P., Tapilatu, R. F., 
Rei, V., Ramohia, P., Pita, J., & Dutton, P. H. (2011). 
Large-scale movements and high-use areas of west-
ern Pacific leatherback turtles, Dermochelys coriacea. 
Ecosphere, 2(7). https://doi.org/10.1890/ES11-00053.1

Best, P. B., & Photopoulou, T. (2016). Identifying the 
“demon whale-biter”: Patterns of scarring on large 
whales attributed to a cookie-cutter shark Isistius sp. 
PLOS ONE, 11(4), e0152643. https://doi.org/10.1371/
journal.pone.0152643



105Evidence for an Oceanic Killer Whale Population

Black, N. A., Schulman-Janiger, A., Ternullo, R., & 
Guerrero-Ruiz, M. (1997). Killer whales of California 
and Mexico: A catalog of photo-identified individuals 
(NOAA Technical Memorandum NOAA-TM-NMFS-
SWFSC-247). National Oceanic and Atmospheric 
Administration, Southwest Fisheries Science Center. 
180 pp.

Block, B. A., Jonsen, I. D., Jorgensen, S. J., Winship, 
A. J., Shaffer, S. A., Bograd, S. J., Hazen, E. L., Foley, 
D. G., Breed, G. A., Harrison, A-L., Ganong, J. E., 
Swithenbank, A., Castleton, M., Dewar, H., Mate, B. R., 
Shillinger, G. L., Schaefer, K. M., Benson, S. R., Weise, 
M. J., Henry, R. W., & Costa, D. P. (2011). Tracking apex 
marine predator movements in a dynamic ocean. Nature, 
475(7354), 86-90. https://doi.org/10.1038/nature10082

Carretta, J. V., Oleson, E. M., Forney, K. A., Muto, 
M. M., Weller, D. W., Lang, A. R., Baker, J., Hanson, 
B., Orr, A. J., Barlow, J., Moore, J. E., & Brownell, 
R. L., Jr. (2021). U.S. Pacific marine mammal stock 
assessments: 2020 (NOAA Technical Memorandum 
NOAA-TM-NMFS-SWFSC-646). National Oceanic 
and Atmospheric Administration, Southwest Fisheries 
Science Center. 394 pp.

Dahlheim, M. E. (1997). A photographic catalog of killer 
whales, Orcinus orca, from the central Gulf of Alaska to 
the southeastern Bering Sea (NOAA Technical Report 
NMFS 131). National Oceanic and Atmospheric 
Administration, National Marine Fisheries Service. 58 
pp.

Dahlheim, M. E., & White, P. A. (2010). Ecological aspects of 
transient killer whales Orcinus orca as predators in south-
eastern Alaska. Wildlife Biology, 16(3), 308-322. https://
doi.org/10.2981/09-075. https://doi.org/10.2981/09-075

Dahlheim, M. E., Schulman-Janiger, A., Black, N., Ternullo, 
R., Ellifrit, D., & Balcomb III, K. C. (2008). Eastern 
temperate North Pacific offshore killer whales (Orcinus 
orca): Occurrence, movements, and insights into feed-
ing ecology. Marine Mammal Science, 24(3), 719-729. 
https://doi.org/10.1111/j.1748-7692.2008.00206.x

Emmons, C. K., Hard, J. J., Dahlheim, M. E., & Waite, 
J. M. (2019). Quantifying variation in killer whale 
(Orcinus orca) morphology using elliptical Fourier 
analysis. Marine Mammal Science, 35(1), 5-21. https://
doi.org/10.1111/mms.12505

Foote, A. D., & Nystuen, J. A. (2008). Variation in call 
pitch among killer whale ecotypes. The Journal of the 
Acoustical Society of America, 123(3), 1747-1752. 
https://doi.org/10.1121/1.2836752

Ford, J. K. B., & Ellis, G. M. (1999). Transients: Mammal-
hunting killer whales of British Columbia, Washington, 
and southeastern Alaska. UBC Press & University of 
Washington Press. https://doi.org/10.59962/9780774856300

Ford, J. K. B., & Ellis, G. M. (2006). Selective foraging 
by fish-eating killer whales Orcinus orca in British 
Columbia. Marine Ecology Progress Series, 316, 185-
199. https://doi.org/10.3354/meps316185

Ford, J. K. B., Stredulinsky, E. H., Towers, J. R., & Ellis, 
G. M. (2013). Information in support of the identification 

of critical habitat for transient killer whales (Orcinus 
orca) off the west coast of Canada (Canadian Science 
Advisory Secretariat Research Document 2012/155). 
Fisheries and Oceans Canada. 51 pp.

Ford, J. K. B., Stredulinsky, E. H., Ellis, G. M., Durban, 
J. W., & Pilkington, J. F. (2014). Offshore killer whales 
in Canadian Pacific waters: Distribution, seasonal-
ity, foraging ecology, population status and potential 
for recovery (Canadian Science Advisory Secretariat 
Research Document 2014/088). Fisheries and Oceans 
Canada. 63 pp.

Ford, J. K. B., Ellis, G. E., Matkin, C. O., Wetklo, M. H., 
Barrett-Lennard, L. G., & Withler, R. E. (2011). Shark 
predation and tooth wear in a population of northeastern 
Pacific killer whales. Aquatic Biology, 11(3), 213-224. 
https://doi.org/10.3354/ab00307

Forney, K. A., & Wade, P. R. (2006). Worldwide distribu-
tion and abundance of killer whales. In J. A. Estes, D. P. 
DeMaster, D. F. Doak, T. M. Williams, & R. L. Brownell, 
Jr. (Eds.), Whales, whaling, and ocean ecosystems (pp. 
145-162). University of California Press, Berkeley. https://
doi.org/10.1525/california/9780520248847.003.0012

Gemmell, G. L., McInnes, J. D., Heinrichs, S. J., & de Silva 
Wijeyeratne, G. (2015). Killer whale (Orcinus orca) preda-
tion on whales in Sri Lankan waters. Aquatic Mammals, 
41(3), 265-271. https://doi.org/10.1578/AM.41.3.2015.265

Houghton, J., Baird, R. W., Emmons, C. K., & Hanson, M. B. 
(2015). Changes in the occurrence and behavior of mam-
mal-eating killer whales in southern British Columbia and 
Washington State, 1987–2010. Northwest Science, 89(2), 
154-169. https://doi.org/10.3955/046.089.0207

Jones, E. C. (1971). Isistius brasiliensis, a squaloid shark, 
the probable cause of crater wounds on fishes and ceta-
ceans. Fishery Bulletin, 69(4), 791-798.

Matkin, C. O., & Durban, J. W. (2011). Killer whales in 
Alaskan waters. Journal of the American Cetacean 
Society, 40, 24-29.

McInnes, J. D., Buckmaster, J. N., Cullen, K. D., Mathieson, 
C. R., & Tawse, J. P. (2020). Intentional stranding by 
mammal-hunting killer whales (Orcinus orca) in the 
Salish Sea. Aquatic Mammals, 46(6), 556-560. https://
doi.org/10.1578/AM.46.6.2020.556

McInnes, J. D., Mathieson, C. R., West-Stap, P. J., 
Marcos, S. L., Wade, V. L., Olson, P. A., & Trites, 
A. W. (2021). Transient killer whales of central and 
northern California and Oregon: A catalog of photo-
identified individuals (NOAA Technical Memorandum 
NOAA-TM-NMFS-SWFSC-644). National Oceanic 
and Atmospheric Administration, Southwest Fisheries 
Science Center. 148 pp. https://repository.library.noaa.
gov/view/noaa/30740

McInnes, J. D., Mathieson, C. R., West-Stap, P. J., Marcos, 
S. L., Wade, V. L., Moore, J. E., Mesnick, S. L., & Dill, 
L. M. (2023). Identification catalog and field guide for 
transient (Bigg’s) killer whales of Monterey Bay and 
California waters (NOAA Technical Report). National 
Oceanic and Atmospheric Administration, Southwest 
Fisheries Science Center. 135 pp.



106 McInnes et al.

Moore, J., & Barlow, J. (2014). Improved abundance 
and trend estimates for sperm whales in the eastern 
North Pacific from Bayesian hierarchical modeling. 
Endangered Species Research, 25(2), 141-150. https://
doi.org/10.3354/esr00633

Moore, J. E., & Barlow, J. (2017). Population abun-
dance and trend estimates for beaked whales and 
sperm whales in the California Current from ship-
based visual line-transect survey data, 1991-2014 
(NOAA Technical Memorandum NOAA-TM-NMFS-
SWFSC-585). National Oceanic and Atmospheric 
Administration, Southwest Fisheries Science Center. 
16 pp. https://repository.library.noaa.gov/view/noaa/ 
15457

Muto, M. M., Helker, V. T., Delean, B. J., Angliss, R. P., 
Boveng, P. L., Breiwick, J. M., Brost, B. M., Cameron, 
M. F., Clapham, P. J., Dahle, S. P., Dahlheim, M. E., 
Fadely, B. S., Ferguson, M. C., Fritz, L. W., Hobbs, R. C., 
Ivashchenko, A. S., Kennedy, A. S., London, J. M., Mizroch, 
S. A., Ream, R. R., . . . Zerbini, A. N. (2020). Alaska 
marine mammal stock assessments (NOAA Technical 
Memorandum NOAA-TM-AFSC-421). National Oceanic 
and Atmospheric Administration, Alaska Fisheries Science 
Center. 398 pp.

Nakano, H., & Tabuchi, M. (1990). Occurrence of the cook-
iecutter shark Isistius brasiliensis in the surface waters 
of the North Pacific. Japanese Journal of Ichthyology, 
37(1), 60-63.

Olson, P. A., & Gerrodette, T. (2008). Killer whales of the 
eastern tropical Pacific: A catalog of photo-identified 
individuals (NOAA Technical Memorandum NOAA-TM-
NMFS-SWFSC-428). National Oceanic and Atmospheric 
Administration, Southwest Fisheries Science Center. 126 
pp.

Olson, P. A., Hancock-Hanser, B. L., McCullough, 
J. L. K., Dahlheim, M., Schulman-Janiger, A., Black, 
N., Robertson, K., & Ü, A. (2023). Killer whale pre-
dation on a pygmy sperm whale in an oceanic habitat. 
Marine Mammal Science, 39(1), 281-288. https://doi.
org/10.1111/mms.12956

Pante, E., & Simon-Bouhet, B. (2013). marmap: A package 
for importing, plotting, and analyzing bathymetric and 
topographic data in R. PLOS ONE, 8(9), e73051. https://
doi.org/10.1371/journal.pone.0073051

Pepperell, J. G., & Harvey, G. (2010). Fishes of the open 
ocean. University of Chicago Press.

Pitman, R. L., & Dutton, P. H. (2004). Killer whale pre-
dation on a leatherback turtle in the northeast Pacific. 
Pacific Science, 58(3), 497-498. https://doi.org/10.1353/
psc.2004.0034

Pitman, R. L., Ballance, L. T., Mesnick, S. I., & Chivers, 
S. J. (2001). Killer whale predation on sperm whales: 
Observations and implications. Marine Mammal Science, 
17(3), 494-507. https://doi.org/10.1111/j.1748-7692.2001.
tb01000.x

R Core Team. (2021). R: A language and environment 
for statistical computing. R Foundation for Statistical 
Computing.

Read, A. J., Waples, D. M., Foley, H. J., Swaim, Z. T., 
Calambokidis, J., Vanderzee, A., Nowacek, D. P., & 
Southall, B. L. (2022). A stampede of Risso’s dolphins 
(Grampus griseus) following playbacks of the calls of 
mammal-eating killer whales. Aquatic Mammals, 48(6), 
674-677. https://doi.org/10.1578/AM.48.6.2022.674

Rice, A., Deecke, V. B., Ford, J. K. B., Pilkington, J. F., 
Oleson, E. M., Hildebrand, J. A., & Širović, A. (2017). 
Spatial and temporal occurrence of killer whale eco-
types off the outer coast of Washington State, USA. 
Marine Ecology Progress Series, 572, 255-268. https://
doi.org/10.3354/meps12158

Riera, A., Pilkington, J. F., Ford, J. K. B., Stredulinsky, 
E. H., & Chapman, N. R. (2019). Passive acoustic moni-
toring off Vancouver Island reveals extensive use by 
at-risk resident killer whale (Orcinus orca) populations. 
Endangered Species Research, 39, 221-234. https://doi.
org/10.3354/esr00966

Schorr, G. S., Hanson, M. B., Falcone, E. A., Emmons, C. K., 
Jarvis, S. M., Andrews, R. D., & Keen, E. M. (2022). 
Movements and diving behavior of the eastern North 
Pacific offshore killer whale (Orcinus orca). Frontiers 
in Marine Science, 9, 854893. https://doi.org/10.3389/
fmars.2022.854893

Stierhoff, K. L., Zwolinski, J. P., & Demer, D. A. (2020). 
Distribution, biomass, and demography of coastal pelagic 
fishes in the California Current ecosystem during summer 
2019 based on acoustic-trawl sampling (NOAA Technical 
Memorandum NOAA-TM-NMFS-SWFSC-626). National 
Oceanic and Atmospheric Administration, Southwest 
Fisheries Science Center. 87 pp.

Towers, J. R., Sutton, G. J., Shaw, T. J. H., Malleson, M., 
Matkin, D., Gisborne, B., Forde, J., Ellifrit, D., Ellis, 
G. M., Ford, J. K. B., & Doniol-Valcroze, T. (2019). 
Photo-identification catalogue, population status, and 
distribution of Bigg’s killer whales known from coastal 
waters of British Columbia, Canada (Canadian Technical 
Report 3311). Fisheries and Oceans Canada. 307 pp.

Vaughn-Hirshorn, R. (2019). Social ecology of feeding 
in an open ocean. In B. Würsig (Ed.), Ethology and 
behavioral ecology of odontocetes (pp. 51-73). Springer 
International Publishing. https://doi.org/10.1007/978-3-
030-16663-2_3


	_heading=h.wcd43bjm6rmq
	_heading=h.jj32qyrkfs17
	_heading=h.7w1i9gnj8cfu
	_heading=h.6d36f9ac7tet
	_heading=h.n6pta04gfgsr
	_heading=h.iweo8k53w0fb
	_heading=h.kvjwksvrjnii
	_Hlk155874472
	_Hlk155874998
	_Hlk158236407
	_Hlk152917158
	_Hlk42170221
	_Hlk152847080
	_Hlk60930141
	_Hlk147140005
	_Hlk146535145
	_Hlk146535161
	_Hlk156408264
	_Hlk156408094
	_Hlk155616076
	_Hlk153189720
	_Hlk153538399
	_Hlk158882821
	_Hlk158615804
	_Hlk156579271
	_Hlk158885481
	_Hlk156579604
	_Hlk158884476
	_Hlk158886692
	_Hlk158887159
	_Hlk158893066
	_Hlk158893195
	_Hlk158895564
	_Hlk147666265



